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LOWER PEDESTAL SHIELD 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of prior, co-pending United 
States Patent Application Serial No. 09/927,747, filed August 9, 2001, which is 
herein incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] Embodiments of the invention generally relate to a pedestal having 
a shield for supporting a substrate in a semiconductor processing chamber. 

Background of the Related Art 

[0003] In semiconductor substrate processing, the trend towards 
increasingly smaller feature sizes and linewidths has placed a premium on the 
ability to mask, etch, and deposit material on a semiconductor workpiece, or 
substrate, with greater precision. Plasma etching is of particular importance in 
obtaining critical dimensions less than 0.25 micron. 

[0004] Typically, etching is accomplished by applying RF power to a 
working gas supplied to a low pressure processing region over a substrate 
supported by a support member. The resulting electric field creates a reaction 
zone in the processing region that excites the working gas into a plasma. The 
support member is biased to attract ions within the plasma towards the 
substrate supported thereon. Ions migrate towards a boundary of the plasma 
adjacent the substrate and accelerate upon leaving the boundary layer. The 
accelerated ions produce the energy required to remove, or etch, the material 
from the surface of the substrate. As the accelerated ions can etch other items 
within the processing chamber, it is important that the plasma be confined to 
the processing region above the substrate. 

[0005] Fig. 1 illustrates an exemplary processing chamber 100 that 
provides for plasma confinement. The processing chamber 100 includes a 
chamber body 102 having a vertically movable substrate support member 104 
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disposed therein. The support member 104 generally includes one or more 
electrodes for biasing the substrate. The chamber body 102 generally includes 
a lid 106, a bottom 108 and sidewall 110. Coils 1 12 are disposed proximate the 
lid 106 and are coupled to a power source 114. An annular shield 116 is 
coupled to the sidewalls 110 or lid 106 and circumscribes the support member 
104. A cover ring 118 is suspended from a J-section 120 of the shield 116 
when the support member 104 is in a lowered position. 

[0006] As the support member 104 is elevated to a processing position as 
depicted in Fig. 1, the perimeter of the support member contacts the cover ring 
118, lifting the cover ring 118 off the shield 116. Since the cover ring 118 and 
J-section 120 of the shield 116 remain interleaved creating a labyrinth or gap, 
plasma formed in a process region 122 defined between the support member 
104 and the lid 106 does not migrate to a region 124 below the support 
member 104 where ions leaving the plasma may etch chamber components 
proximate thereto. 

[0007] Although utilization of a cover ring lifted by a support member has 
been successfully commercialized, the use of cover rings in processing 
chambers utilizing ceramic support members is generally not preferred. 
Generally, each time the ceramic support member is raised to the processing 
position, the cover ring impacts the ceramic support member. The repeated 
impact of the cover ring with a ceramic support member over the course of 
processing a number of substrates is undesirable due to the brittle nature of 
ceramic. The ceramic support member is often damaged after repeated impact 
and may chip, break or generate particles. This leads to premature 
replacement of the ceramic support member and causes poor processing and 
increased defect rates. 

[0008] Therefore, there is a need for an improved method and apparatus 
for supporting a substrate on a ceramic support member in a processing 
chamber. 

SUMMARY OF THE INVENTION 

[0009] In one aspect of the invention, a lower shield adapted to be coupled 
to a substrate support member is provided. In one embodiment, the lower 
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shield includes a center portion and a lip extending from the perimeter. The 
center portion includes an aperture having a groove disposed in a sidewall of 
the aperture. The lip is adapted to interface with an upper shield disposed in a 
processing chamber to form a labyrinth gap that prevents plasma from 
migrating below the lower shield. 

[0010] In another aspect of the invention, a support member for supporting 
a substrate is provided. In one embodiment, a support member for supporting 
a substrate includes a body coupled to a lower shield. The body has an upper 
surface and a lower surface. The upper surface is adapted to support the 
substrate. The lower shield has a center portion and a lip. The lip is disposed 
radially outward of the body and projects upwardly towards a plane defined by 
the upper surface. The lip is disposed in a spaced-apart relation from the body. 
The lower shield prevents plasma from migrating below the support member. 
The lower shield, in one embodiment, provides a portion of an RF ground return 
path within a processing chamber. 

[0011] In another aspect of the invention, a processing chamber for 
processing a substrate is provided. In one embodiment, the processing 
chamber includes a chamber body having an annular upper shield and support 
member disposed therein. The chamber body has a bottom, walls and lid that 
define an interior volume. The upper shield is disposed below the lid in the 
interior volume. The support member is disposed in the interior volume and 
has a body coupled to a lower shield. The body has an upper surface and a 
lower surface. The upper surface is adapted to support the substrate. The 
lower shield has a center portion and a lip. The lip is disposed radially outward 
of the body and projects upwardly towards a plane defined by the first surface. 
The lip is disposed in a spaced-apart relation from the body. The lip and upper 
shield substantially prevent plasma from migrating below the support member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] So that the manner in which the above-recited features, advantages 
and objects of the present invention are attained can be understood in detail, a 
more particular description of the invention, briefly summarized above, may be 
had by reference to the embodiments thereof which are illustrated in the 
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appended drawings. 

[0013] It is to be noted, however, that the appended drawings illustrate 
only typical embodiments of this invention and are therefore not to be 
considered limiting of its scope, for the invention may admit to other equally 
effective embodiments. 

[0014] Fig. 1 is sectional view of an illustrative processing chamber of the 
prior art; 

[0015] Fig. 2 is sectional view of one embodiment of a processing 
chamber having a lower shield coupled to a support member disposed in a 
process portion; 

[0016] Fig. 3 is a top perspective view of the lower shield of Fig. 2; 
[0017] Fig. 4 is a bottom perspective view of the lower shield of Fig. 2; 
[0018] Fig. 5 is a partial sectional view of the shield of Fig. 2 taken along 
section line 5-5; and 

[0019] Fig. 6 is a sectional view of the chamber of Fig. 2 with the support 
member in a transfer position. 

[0020] To facilitate understanding, identical reference numerals have been 
used, wherever possible, to designate identical elements that are common to 
the figures. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0021] Generally, an apparatus and method for supporting a substrate on 
a ceramic pedestal in a processing chamber is provided. In another aspect of 
the invention, an apparatus and method for providing a direct RF return path is 
provided. Although the invention is described with reference to one 
embodiment of pre-clean chamber, the invention finds utility in other chambers 
that utilize a ceramic substrate support pedestal or where a direct RF return is 
desired. 

[0022] Fig. 2 depicts a cross sectional view of one embodiment of a sputter etch 
chamber 200. The chamber 200 is a dual frequency etch processing chamber 
such as a Pre-Clean II Chamber available from Applied Materials, Inc., located 
in Santa Clara, California. However, other processing chambers may also 
benefit from the invention. Generally, the chamber 200 comprises a chamber 
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body 202, a substrate support member 204 disposed within a processing region 
206 of the chamber 200, an RF power source 208 connected to an inductive 
coil 210 disposed outside the chamber body 202 and a power source 212 
connected to the substrate support member 204 through a matching circuit 
214. 

[0023]The chamber body 202 includes sidewalls 216, a bottom 218 and a lid 
220. An access port 222 is generally disposed in the sidewalls 216 to allow 
entry and egress of the substrate 224 from the chamber 200. The port 222 is 
selectively sealed by a slit valve 226 to isolate the processing region 206 during 
processing. A transfer robot (not shown) is utilized to pass the substrate 
through the port 222 to place and retrieve the substrate 224 from the substrate 
support member 204. One slit valve that may be used to advantage is 
described in United States Patent No. 5,226,632, issued July 13, 1993 to 
Tepman, et al., which is hereby incorporated by reference in its entirety. 
[0024] In one embodiment, the lid 220 is a quartz dome disposed on the 
sidewalls 216 above the processing region 206. The inductive coil 210 is 
generally disposed around the lid 220 and connected through a matching circuit 
228 to the RF power source 208. The RF power source 208 inductively couples 
power to a plasma formed from a working gas supplied to the processing region 
206 during processing. The coil 210 may be vertically stacked about the lid 220 
as shown in Fig. 2, disposed equidistant from the dome or arraigned in other 
configurations. 

[0025] A gas source 230 is coupled to a gas inlet 232 disposed in the 
chamber 200 to introduce process gas(es) into the processing region 206 of 
chamber 200 during processing. A gas exhaust 234 in fluid communication 
with the processing region 206 evacuates the chamber 200 prior to and during 
processing. A throttle valve 236 and a vacuum pump 238 coupled to the 
exhaust port 234 maintain a predetermined pressure within the processing 
region 206 of the chamber 200 during processing. 

[0026] An annular upper shield 240 is generally disposed within the 
chamber body 202 and circumscribes the processing region 206. The upper 
shield 240 is generally coupled to the lid 220 or sidewalls 216. The upper 
shield 240 maybe replaceable as part of a "process kit" that is replaced after a 
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number of substrates have been processed. The upper shield 240 is generally 
comprised or coated with a conductive material. In one embodiment, the upper 
shield 240 is fabricated from aluminum and is electrically coupled to the 
sidewalls 216 at a first end 294 and extends inward to a cylindrical portion 296 
and terminates at a second end 298. 

[0027] A conductive flexible strap 242 is electrically couples the upper 
shield 240 and the substrate support member 204. The conductive strap 242 is 
generally comprised of a conductive and durable material. In one embodiment, 
the strap 242 is comprised of beryllium-copper. Other flexible, conductive 
materials may also be utilized. The strap 242 is configured to allow the 
substrate support member 204 to move vertically within the chamber 200. 
[0028] In one embodiment, the substrate support member 204 comprises 
a body 244, an insert 246, a lower shield 248, a clamp plate 250, a bellows 252 
and a shaft 272. The body 244 is generally annular in form and is typically 
comprised of a dielectric material, for example, ceramic or quartz. The body 
244 generally comprises an upper surface 254 and a lower surface 256. The 
upper surface 254 is orientated to face the lid 220. The upper surface 254 
generally includes a recess 258 formed therein that retains at least a portion of 
the insert 246. 

[0029] The insert 246 generally includes a top surface 260 that extends 
slightly higher than the upper surface 254 of the body 244 and supports the 
substrate 224 thereon. Optionally, the top surface 260 and/or the upper 
surface 254 may be coated or covered with a dielectric material 286. The insert 
246 is connected by a conductor 274 disposed through the shaft 272 to the 
power source 212 that electrically biases the insert 246 during processing. The 
top surface 260 of the insert 246 generally extends above the upper surface 
254 of the body 244 such that the peripheral portion of the substrate 224 
extends above the upper surface 254 and forms a gap between the bottom of 
the substrate and the upper surface 254. Optionally, the substrate support 
member 204 may includes a temperature control device such as a heater or 
fluid conduct (not shown) to regulate the temperature of the substrate 224 
during processing. 

[0030] The lower shield 248 is generally disposed between the body 244 
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and the bellows 252. The lower shield 248 extends radially outward from the 
body 244 and is comprised or coated with an electrically conductive material 
such as aluminum. The lower shield 248 is electrically coupled to ground 
through the shaft 272. The lower shield 248 is replaceable. In one 
embodiment, the lower shield 248 is part of a "process kit" that is replaced after 
a number of substrates have been processed. 

[0031] The lower shield 248 includes a center portion 262 that extends 
radially to a lip 264. The lip 264 is orientated upwards at an angle from center 
portion 262, projecting towards a plane 270 defined by the first surface 254 of 
the body 244. In one embodiment, the lip 264 is substantially perpendicular 
(i.e., within 15 degrees) to the center portion 262. In the embodiment depicted 
in Fig. 2, the lip 264 is perpendicular to the center portion 262 and parallel to 
the upper shield 240 and sidewalls 216. In the raised position, the lip 264 is 
interleaved outward of second end 298 and cylindrical portion 296 of the upper 
shield 240 to form a labyrinth gap 292 that prevents the plasma from leaving 
the processing region 206. 

[0032] The lip 264 is configured in a spaced-apart relation from the body 
244. The lip 264 generally is positioned radially outward of the upper shield 
240. In one embodiment, the lip 264 is of sufficient length to overlap the upper 
shield 240 when the substrate support member 204 is in the process position. 
The length of the lip 264 and the travel of the lift pin (not shown) should be 
configured to prevent interference with the removal of the substrate 224 from 
the substrate support member 204 when the member 204 is disposed in the 
lowered position depicted in Fig. 6. 

[0033] In the embodiment depicted in Fig. 2, the lower shield 248 is 
disposed between the lower surface 256 of the body 244 and the clamp plate 
250 which is typically screwed or otherwise fastened to the body 244. The 
clamp plate 250 is coupled to the shaft 272 which allows a lift mechanism 276 
positioned outside the chamber 200 to move the substrate support member 
204 between the upper, processing position depicted in Fig. 2 and a lower 
position that facilitates substrate transfer as shown in Fig. 6. The clamp plate 
250 is generally comprised of a RF conductive material such as aluminum and 
is typically coupled to the shaft 242 by welding, although other fastening 
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methods may be utilized. 

[0034] Generally, a plurality of fasteners 278 couple the lower shield 248 
to the body 244. In one embodiment, the fasteners 278 pass through the lower 
shield 248 and thread into a threaded hole 280 disposed in the body 244. 
Alternatively, the lower shield 248 may be fastened to the clamp plate 250. 
Optionally, the lower shield 248 and the clamp plate 250 may be incorporated 
into a single member. 

[0035] The lower shield 248 is electrically grounded through the pedestal 
204 and shaft 272. To promote good electrical contact between the lower shield 
248 and the shaft 272, a conductive member 282 may be disposed 
therebetween. The conductive member 282 may be a conductive grease, 
paste, adhesive, foil or other material that promotes electrical conduction 
between the lower shield 248 and clamp plate 250 which is electrically coupled 
to the shaft 272. Alternatively, the conductive member may be disposed 
between the lower shield 248 and the body 244. In the embodiment depicted in 
Fig. 2, the conductive member 282 comprises a spring that is formed from a 
conductive material such as beryllium copper that is partially disposed in a 
groove 284 formed in the lower shield 248. Alternatively, the groove 284 
retaining the conductive member 282 may be disposed in the clamp plate 250 
or disposed in both the clamp plate 250 and lower shield 248. 
[0036] Fig. 3 is a perspective view of one embodiment of the lower shield 
248 depicting an upper surface 310. Generally, the lower shield 248 has a 
center aperture 306 that centers the lower shield 248 with the clamp plate 250. 
A plurality of lift pin holes 302 are disposed through the lower shield 248 which 
allow lift pins 290 ((shown in Fig. 2) to pass therethrough. A plurality of 
mounting holes 304 are generally disposed through the lower shield 248 to 
allow the fasteners 278 to interface with the body 244. 

[0037] Fig. 4 is a perspective of one embodiment of the lower shield 248 
depicting a lower surface 410. The lower surface 410 generally has a mounting 
ring 402 extending from the lip 264 and a boss 414 extending from the center 
portion 262. The mounting ring 402 may include a notch 406 that allows a lift 
plate 288 (shown in Fig. 2) to move closer to the bottom surface 410 when 
actuating the lift pins 290. The mounting ring 402 also includes one or more 
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mounting surfaces 404 orientated tangentially on the interior portion of the 
mounting ring 402. 

[0038] As seen in Fig. 5, the mounting surface 404 provides a flat interface 
for mounting the strap 244 to the lower shield 248. The flat interface provides 
good electrical conductivity and maintains the strap 244 in a flat configuration 
that promotes flexibility. Additionally, one or more locating elements such as a 
dowel pin 502 may be disposed between the strap 244 and lower shield 248 to 
facilitate attaching the strap 244 to the lower shield 248. 

[0039] Returning to Fig. 4, the boss 414 includes a bore 412 disposed 
concentrically with the aperture 306. The groove 284 is disposed in the 
sidewall 416 of the aperture 306 or the bore 412. In the embodiment shown in 
Fig. 4, the aperture 306 is utilized to locate the lower shield 248 with the clamp 
plate 250 while the bore 412 is utilized to house the groove 284 that retains the 
conductive member 282. 

[0040] Returning to Fig. 2, the bellows 252 is coupled between the lower 
shield 248 or clamp plate 250 and the chamber bottom 218. The bellows 252 
provides a vacuum seal between substrate support member 204 and the 
chamber body 202 while allowing vertical movement of the member 204. 
[0041] The conductive, flexible strap 242, which electrically couples the 
upper shield 254 and the lower shield 248, provides a short RF return path for 
the plasma disposed in the processing region 206 which electrically contacts 
the upper shield 254. Plasma contacting the upper shield 254, is grounded 
through a path comprising the strap 242, lower shield 248, conductive member 
282, clamp blade 250 and shaft 272. A short RF return advantageously 
minimizes voltage accumulation on the chamber walls and the reduces voltage 
drop of the return path over most conventional processing chambers that rely 
on the walls and bellows to provide the return path from the plasma to ground 
shaft 272. 

[0042] In one embodiment, a fastener 266 passes through the lower shield 
248 and mates with a threaded hole 268 disposed in the strap 242 thereby 
electrically coupling the strap 242 and the lower shield 248. The strap 242 may 
be electrically coupled to the lower shield 248 by other devices such as 
conductive adhesives, rivets, clamping, staking, mating terminals or other 
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conductive connecting devices. 

[0043] In operation, a substrate 224 is disposed on the support member 
204 while in the lower position depicted in Fig. 6. The lift mechanism 276 
raises the support member 204 and substrate 224 into the processing position 
depicted in Fig. 2. In the processing position, the upper shield 240 and lower 
shield 248 interleave, forming the labyrinth gap 292 therebetween. 
[0044] A working gas such as argon is introduced through the gas inlet 232 
into the processing region 206. The working gas may alternatively comprise 
helium, argon, nitrogen and other non-reactive gases. Optionally, the working 
gas may additionally comprise a reactive component such as hydrogen, oxygen 
or fluoride comprising gases. 

[0045] To activate the reaction, a plasma is formed from the working gas in 
the processing region 206 through inductive coupling and/or capacitive 
coupling. The initial plasma is preferably struck by biasing the substrate 
support member 204 between about 1 W and about 200 W and between about 
100 KHz and about 100 MHz for about 3 seconds. Alternatively, the initial 
plasma is generated by applying power to the inductive coil 210 or by other 
ignition methods or devices. 

[0046] During the reaction period, the inductive coil 210 is biased between 
about 1 W and about 1000 W at between about 100 KHz and about 60 MHz 
while the substrate support member 204 is biased between about 0 W and 
about 200 W. Alternatively, during the reaction period, the plasma in the 
processing region 206 is sustained solely by the inductive coil 210. 
Alternatively, the plasma within the processing region 206 may be excited and 
sustained during processing by inductive coupling only, capacitive coupling only 
or combinations of both inductive and capacitive coupling. 
[0047] During processing, the chamber pressure is preferably maintained 
between about 0.5 mTorr and about 100 mTorr by controlling the open/closed 
state of the throttle valve 236. Optionally, the temperature of the substrate 224 
during processing is controlled by a temperature control device (not shown) 
within the substrate support member 204. 

[0048] The plasma is prevented from migrating from the processing region 
206 by the labyrinth gap 292 formed between the upper and lower shields 240 
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and 248. Additionally, the short RF return path through the lower shield 248 
enhances the efficiency of the chamber 200. 

[0049] While the foregoing is directed to the preferred embodiment of the 
present invention, other and further embodiments of the invention may be 
devised without departing from the basic scope thereof. For example, native 
oxides and other contaminants may be removed from layers other than copper. 
The scope of the invention is determined by the claims that follow. 
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